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ABSTRACT

e current Loaoas b hirotii cloctrical St lation x‘\Pt‘I‘lnh’HtS has
Doct tossystertatio sl cars spoecttn ~thnulation parameters i srder to detine
PUoate Dt i sty the protective  etredts on the

-

foatures
atditory nery e Specitically studies have been mitiated to evaluate etftects of
ditrac o ear stmulation wath hreher rrequency stimali that are destaned to
be temporally challengimg to the central auditory svstent. In a previous
tarterty Progress Report QPR # 1o October | December 31 1993 Contract
NOT-DC-24005 the sprral ganglion morphometric data were presented for
e firet four feonatally deatened kittens i this new antracochlear series.
Pie data showed striking protective ettedts onspiral ganghion cell survival,
ot onerall mean survival ot aboat A4 the sumuadated cochleas as
smpared to 3uon the control deatened but unstmulated cochleas == an
dcrease of about 2470 as a consequence ot stimulation
Fhis Quarteriy Progress Report presents a summary of histologieal
Sindmgs and morphometric analyses ot sprral ganglion cell survn al
Cochiear spedimens trom S additional neonatally deatened cats i this new
CPronde ~tmalation series Three ot these cats recenved passive imvartant
~tmabation withos ontiuous trats of biphasie pulses (200 tsed phase)
fein ered at S0 pps ared sinasordatly amphitude moduiated at se ti/. The
Sher 2 aaonmals were stimulated with a processor that transduced
covironmental sounds detected by portable microphone The latter 2 cats
Lo recenved extensive behavioral tramimg to determime psvehophvsical
thresholds to specitic electrical stimualy
Durmg the course of chronte stimuldation. 3 ot these animals showed

marked i cleyated ABR thresholds, and the two behaviorally tramed cats
<how e parallel elevations mpsvchophysical thresholds Histological
<tudies docamented protound cochlear pathology and severe spiral ganglion
deveneraton correlated with these threshold elevations. NMorphometric
studies comparing regional sprral ganghon celb density i the stimulated
Cochleds with that i the contralateral control ears showed animcrease of
about 117 m neuronal survival as a consequence ot clectrical siimulation.
Floweyor the mean cell snmvival averaged over all sectors in the stimulated
s wds ondy 4 a0 of normal, while the mean tor the contralateral
ol deateniod cochleas was only 2347 These results present a sharp

Sntrast tothe findings trony the previous yroup of expermmental animals
Gt e caned L ery <t lar = chedutos of Chironne stimulation. Some of the

oS e sPoecitio catises ot thie prootiti o Jitterenoes between these

cypPerimental vroups are discussed
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Initial Results with Higher Frequency/Temporally Challenging
Stimulation

Initial ~tudios cordu ted under a previous contract and completed
durmy the nutal months ot this Contract, demonstrated that chromie
Clectrit ~tniabation tdelin ered v both mtras and extracochlear electrodes)
GsIing Ddssive and mvariant so pps stimuls mduced a signiticant Tprotective
cttect  partiallv preventig the degeneration ot sprral ganelion cells

Aeonatally deatened antmeals

Sabsequently anew mtracochlear expermmental series was inttiated in
Anech various aspedts of the electrical stimulation have been varied, in order
o detne specttic parameters that are critical mymasimizZing the "protective”
ctrects on the auditory nerve. Tiva previous Quarterly Progress Report ({QPR
A1 October | December 31 1993 Controct NOT-DC 24005 spiral ganghion
morphometric data analyvses were reported tor the first tour neonatally
Seatened kittens trom this new mtracochlear series. This group mcluded 2
antnuais (RS RS ; that recenved chronie passive mtracochlear stimulation
st SO pPs (200 usec s phasey and o additional cats (K34, KS6) that
recenved temporally and mensity varyig sumulation though a sigle

Rannet operational prosthesis. [ hese latter animials also recenved extensive
Sean oral traming to determine psvchophyvsical thresholds tor selected
Coctrical stimull Table 1 shows the stimulation histories tor these animals.
Sstmulation ses=ions were 4 hours datlv, 5 davs a weck continuing, tor
pertods ot S-EEmonths In all Cases. the bipolar mtracochlear clectrodes
fapical parr L2y were positioned m the cochlear locaton corresponding to
abons 3 TR H cabout 457 trom the cochlear basey.

Sirce morphometric data documenting spiral ganghon cell survival in
Hhose four ats were reported i detail previoushy, results are only
summarized here tor direct comparison to data obtamed durmg, this past
quarter trom 5 additional cats in this new mtracochlear stimulation series.
Fhe Lolume ratio tdensv tor cach cochlear segment (from base to apex) in
e tett chrotically sumulated cochlea was compared wath the paired data
rrom the contralateral deatened, unstimulated car and expressed as
Sercentage ot normal for anmals The results showed strikimg mcreases n
Senerctad sy ival as g consequence ot chrone sumulation Regronal
crcreases it spanal vanghon cell survivas o 407 or more were seen n each

~tmuiated cochlea as compared to data trom the contralateral deatened ear.
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Table 1. Higher Frequency/Temporally Challenging Stimulation

Cat Ageat  Ageatlnitial  Stim. Stim. Stim. Age at
# _ Surgery Stimulation  Current Period  Frequency Sacrifice
[ NEATRVEIRRN S [0 5 whs 125 1A 21wk SO Hz 32 wks
Ka4 0 7 5wk FOw ks 200400 e S wkes S beh. 45 wks
ko= S wWhs Fihw ko~ P25 0 42wk S0 Hy 52 wks
o G ks ks Whlou A 44w kST ST beh. 55 whks
koss S ks frrS ks SUSTO0 A 2 8w ke S0 30 Hy 37 wks
Ky 0 W ks o ks LOu-400 A 3.5 whs 30030 Hy o 385 wks
Kol ovks 64 ks S0 23 whs o 00 A0 Hzo 31 awks
N T ke S ks Jo 4o 30w ks ST beh 44wk
Kk 0wk ~ ks FUA00 W ks S beh 42wk

Nnaicales dl e ciet Bonde was deatbaded by e aidiiiadl b G b bee repaa sd o rifer o complete the

e miE Tl e 0

Figure I summarizes the morphometric data tor the tour cats, KS8A-
Koo showmg the mean stimulated less control ditterence i spiral canglion
cetl density Averaged over all cochlear sectors, the mean ditterence in
nouronat density was 240 o much greater ditterence than that seenvm
Previous experiments using S Hz pulsatle stmuldrwath cither mtracochlear
stinubation (13 ditterence moganghion cell survivaly or extracochlear
stimudation o0 ditterencer The speditic parameteresi ot sumulation
responsible for the strithimg - protective ettect i this expermmental group are
not clear I addition to using the temporallyv chatlengimg stmulation
these experiments it was possible to mamtain implanted anmmals for longer
stmulation periods tup to LU and T months in Ksd and K s6). This may
account m part tor the large ditterences m nearonal survival-- since there
was more tme tor the contralateral sprral ganghon to degenerate. However,
Case ~tudies and comparisons between the data trome mdividual antmals mn
the ditterent experimental groups suggest that other parameters ot
SHmGaton o trequenaoy of stimulus, imtras vs extracochlear moder may

dlses e it aliy nn}mrt(mt i asiinizinyg the protecine ciiect ot electrical

<t latron oo the auditory nerve
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increased Spiral Ganglion Cell Survival Following
Chromic intracochlear Stimulation At 80 Hz
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Figure 1 SUIKIN e rease 1 spital Janghon sarvival indaced by Chronic iilrae ot tiaar elecincal
sumation 4 the niew iilfacochlear experimental selies G feonalally dealenied cats The data are pooled
rer 2 animals chironicdily stithulated with U 2 s phiase pulses al 80 Hz (Ka3 K851 and 2 animals
Stmulated via a single chatinel coublear prosthesis (KE3 Kg6 processor that ransduced environmental
suulis  Lata are showt s el stittalated less contiol data tor spiral gangion cell density expressed as

sercent ot nonmial 1o each cochleal seclor dbed thus feplesent —o ncredses i neuronadl survivai in the
Smualea Coehleas  The il feased sulival was offset by hserion damage which occurred neat the tip of
Dok eiecliote e A0 T se Lo el Toul Cases  Ueetall spirad Qatighion celt density was mereased by
WO el 2T ani as Qe e aas highily significant o bl Stadent s pared tHest

New Data from Higher Frequency/Temporally Challenging
Intracochlear Stimulation Series

N crder to contirm the above results and to turther explore the ettects
Of Modutatng specitic parameters ot electrical stimud additional anmmals
were implanted and chroncally stimulated. During the past quarter
morphometrte analyses of sprral ganghion cell survival were completed in s
more cats i this lngher frequency  temporallv challengime chronic
stumulaton group tTable 1) Three ot these neonatally deatened cats (K89,
Kyl KY2 ) were chronteally stimulated with pulses (biphasic, 200
used s phasesy delivered i conunuous trams at 300 pps, and TOO7 amplitude
modulated at 30 2 Two addittonal 2 cats (K93, K94y were stimulated with
an uperational speech processorwhich transduced environmental sounds to
an anaiogue electrical signals these animuals also recenved extensive
nebas woral traming todeternone thresholds o selected elecincal stiimude,
[he daty ~timadation pertods o hsdav s days wecek s mtensity ot
SUatton 0 A aboe EABR threshold ror ootz e Hy stimudation and a



Olaartei Iy Progiess Repor
Counitract SN - d- 20

I"rotes ive Fricoes ot Flectrical Stimultion

s dB dvoanue ranve O to o db above 1 ABR threshold tor the processors)
and duration of stinabation were natchied as dlosely as possible to the
Provicous sories isec Lable b [he mean stimudation perrod tor the KRY-KY4
Croup was U2 wock = v hereas tor the carbier experimental group, KS3-Kao,
this v altie was 305 wecks  AdLanimals oo both groups) were stiimulated
with the apical bipolar par positioned i the scala tympant at =35-45% trom

the hase of the cochilea

It should be noted that 3ot the cats mthas group exhibited elevations
1 thresholds duringe therr chrone ~stimuolation periods. as retlected by the
finad <tmulation levels shown m Table T Chronee stimulation levels are
dhicay = adjusted refative to B ABR thresholds whach are determimed twice a
menth. Two animads (k91 and K935 had tal Chronie stimalation levels of
400w and one anumal (Rvd) Bad atmal chronne stimuadaton fevel of S00 1A,
k2, although the imal stimulation level was 130w ot the me ot the
tnal ciectrophy siology experiment e this anomal the EABR threshold had
Shitted up to 3iouA Behavioral thresholds to pulses were also determimed
N three ot these antmals (kv K92 and K93 durimg chronie siimulation
periods  Incall cases behavioral thresholdsawere very close te FABR
mreshotds and were also unusually highom these anmals compared to the

provicus mtracodchlear experimental series,

FHistological cvaluations of the implanted and stimuldated cochleas
trom this group of ammals presented some highv anusual findings. Figure
2athustrates the histopathology observed in K9 one ot these anmals with
clovated thresholds  The section was taken from the region S.5-9 mm from
the cochlear base adjacent to the most apical electrode, contact #1 which
was one af the sttimulating bipolar pair 1,27 Severe hemorrhage was
obeerved m the modiolus and total deceneration ot spiral canghion cells i
Rosental s canl over a5 mim region directhy adjacent to the stimulating
cloctrodes. Fatensive ectopie bone formation was also observed at more
basal locations atonge the electrode carrer (ligure 31 although neuronal

~urvival was greathy improved an this area
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Figure 2. Striking histupathulogy observed 1 Kul onie of the neanatally deatened chronically stimulated
sats i the new intracochicar expenmental series  This sectiun was laken at a site approximatedly 8.7 mm
rrom the basal extreme of the cochlea adjacent to electrode #1 which was one ot the bipolar pair of
clectrodes used tor chironic stimulation The micrograph shows the severe hemorrhage in the modiolus,
anich resulted in coinplete degeneration of ttie spiral ganghon neurons in Rosenthal's canal (R) This
axtreme pathology exterided over a 1.5 mim region subtending the stumulating electrodes

Figure 3. Al a inore Dasal region I KU1 extensive niew bone (B)growth was noted between the electrode
and all tne overlying structures of the scala tympani s clear that this degree of osteoneogenesis would
disprace thie electiodes away from the excilable feuronal elements and tend 1o insulate them. The section
was laken near the round window at a locahion aboat 35 mm from the base
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Fatensive cotople botic foriation awas also observed in twvo other cats
i the group In RY2 new bone tormation was observed over a redion of
approximately Do relaton to the electrode carner and primarty under
the spiral igament and adjacent o the modiolus thigure 410 In K93, massive
new bone was noted durmy the nutal dissecton ot the cochleas This
disscotion i~ done i order to visualize and record the placement ot the
stimalating clectrodes i the scala tympant. o this cochlea, ectopic bone
partlv occluded the scala vestubulin the region ot the stimulating clectrodes,
and therr location had to be determimed by openmg the scala tympani from
below and trom the positions ot the more basal clectrodes which could be
Cisualizod trom the scala vestibuli through the basilar membrane. Figures 5
And A ~how histological sections ilustrating the extensince bone tormation
tiroughout the reglon occupied by the electrode carrier e this cochlea.
sections through the regron showed that new bone completely surrounded
e electrode carrter trom 7 to Lo mme I the regron overhving the
~tmubatng clectrodes the scala media was completely ossited and ectopic

Bone eanteitdod tar nito thic scala vestbuli

o

Figure 4 sleulicuygenesis was wbselved i Kus oeet imostod e Tegionh wccupied by the electrode carrer
ATt i s dla Tyinfials 1 las et was lakeli dited 1y adjaceiil Lo eleclibde 81 0N0e of the chronically
Mites dali ale e lopie Dobs adyp s el Lo e modicias ang Hosenthal s canal and
sseified hroughout much Of the region Moderate

Aol aied! e Hiades
STt e soala iiedia e sfral iganienil vids alse s
Bsertion Jainidde s diso evideiil Mitli a4 sinall acture G he usseous spiral unima (arrowheads) As a

Cmeuen e s wiesprledd pathiology spital Ganglion (G degeneration s very severe in this region
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Figure 5 very exleisive uslooheudehesis was wlistived I Ky New hone sarrounded the eiectrode
arrier withie the scala tyimpani over e region 7- Yo i troni the base This section taker: 7 mm from the
“ase shows ew Duie (14 separating the electinde fromi the basilar membrane e usseous spiral lamina
he spiral ament and e lateral voclilear wall Oiily a Tew spiral ganghor celis (33 have survived

A

Figure 8  Anuther example of the Histopathology ubserved in K83 This section was laken directlv
adjacent L chronically stithulate ] eleciide #1 al approxiniately o 7 mm from e base The spiral lmbus
41U sidia herlia Tave beooilie colhpilelely ossifie Tai o e bobe exlends faninto the scala vestbuli

edeierdla ol spnfal Gaiilidi s ells i s vefy sovele il s deglod:
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[N the other teoo cats i the series Ry and Red the cochlear
histopathological tindings alsomcluded sone osteoneogenesis, but it was
fess extensive and did not appear todisplace or msulate the stmulating
clectrodes trom the ~piral vanghon cells oy Rosenthal s canal tor from the
peripheral fibers it present in the osseous spiral lamuna [n K 89, there was
~tonitcant insertion trauima near the tip ot the clectrode. and also more
basaliv near clectrode #3 The primary pathology in K94 also appeared to be
related toinserticn traama, with o tracture of the osscous sprral lamiman
the revion adjacent to the apical electrode pam o0 2y

Morphometric data documenting the volume ratio density) ot spiral
anvlion colls m Rosenthal < m these tive mdividual cases are shown in

-

wure S The nearonal survival m the chironcally stimudated cochleas are
shown for cach cochlear scoment itrom base to apexi by the black data bars,
and the patred data trom the contralateral deatened, unstimulated cars are
~Pown i the striped data bars As o the previous caperimental group. a
fon revions moseyeral ot these cases showed very large ditterences in
neuronal survival as aconsedquence of chrome stimulation For example, the
R0 sector of RY Y Shiow s ann e rease ot over S0 neuronal survival m
the stmulated cochlea as compared to the same region i the control
Heatened cochdear and RsY shows an morease of more than o0 the 0-10%,
revton and an morease ot about 4570 m nearonal survival m the 10-20%,

Sty

[vvo of the most strikimy teatures of these data are the great variability
amony mdinodual anmals and the very low sarvival i the nuddle cochlear
sectors tait oy near the stimualating electrodes twhich were alwavs located
555 trom the basal extreme of the cochlearn The patterncand degree ot
Stotonic drug-mduced ganghon cell degeneration can be mterred from the
data i the contralateral deatened, anstianalated cochleas: Tts known that
spiral ganghion degeneration is progressive over time atter deatening (which
ook place at birth in these amimals) Thus, considerig the extended periods
of imp!hntaton and Chrone stimaulation m these animals, 1ts not surprising
fhat relacdvely seyere degeneration has occurred. However, the degeneration
oo i ke s e 200 sary ival all but the basal Tovs sector) and K91 (< 10%,
survival over the sectors 20-5070) 15 much more severe than that noted many
Specimens i the previous series whichomeluded cats with even longer
Foertods oo koo ad KsS) sl nve animals the mtracochlear
clecrrodte causcd s ariable amount of mechanical damaee to

Uiy a
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CHRONIC INTRACOCHLEAR STIMULATION
(SPEECH PROCESSOR OR 300 PPS/30 HZ AM )
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Figure 7 Gl thal dddta TTos S Deotialally deatened cats i the new higher frequencytemporally

Fafietgitng intraco hisar stimulalion series The first 3 cats (K89 Kyl and Kz were stmulated with the
300 pps. 10 He paradagin KOG and K4 were stimulated with the speech processors and recewved

Defiaviota raiiarn] Moiphiodneline dala shiow spalal gainlion yolaime defisity in stunulated ears (black data

Licdi s HetTee D0 datba T Dlatielefal slealeliond o ot beads inllped bistrso Tor i hilear b(—}(}leQfﬂS from
st fooabier GvEale terikeis il ale oo Tods b v bae D i eada al el hage Troen misertion of the cochlear
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the osseous spiral lamina and - or bastlar membrane mthe J0-507 regron,
and in 3 out of 5 cases damage was also scen i the So-40 o region as
indicated by white dots oncthe data bars i brgure 210 This damage probably
accounts tor part for the drop i ganghon cell density in those sectors of the

stimatated coohieos

Froure S summarizes the morphometric data ny this new experimental
group, showing the mean stimulated less control increases m spiral ganglion
coll density . The mean ditterence in nearonal density, averaged over all
cochlear sectors, is o Ginven the unusual and severe nature ot the
histopathology observed mthe stumulated cochleas and the obvious dropn
~prral ganghon survival in the 30507 regions we believe that these iindings
are stronghyv aindicative of stimulation induced damage to the cochlear
Acurons s i the previous experimental series, these anmals were
aramtaned mochrone stmulation tor extended periods tap to S=9 months m
Ko tand kvd) However mcomparison to the data shownn bigure 1) these
Jata provide a strikimg contrast to carhier results, agam clearly suggesting that
~evere damage was iduced mothe regions nearest to the stmulating

cledtrodes
Increased Spiral Ganglion Cell Survival

Chronic Intracochliear Stimulation
SPEECH PROCESSOR or 300 PPS/30HZ AM

cntecl

[ensity

Stimuaaty o s S

increase i el

s T
93
diro kS Wou E RO Bl 7 2U-B L Al
FEHCENT D051 ANCE FROM COCHLEAR BA St
Figure 8 Oitterenice i ahital Janglon survival induced by tigher frequency bronic mtracochlear
eleCtrical stmuaton i the Lew experimental seties  The data are pooled from the 5 neonatally deatened
Wethars shiowd i Figuie 7 Mean shinulated less contio data tor spiral gangion cell density are expressed
As perient ot aorimar Foi ean booOchiledl seclon oo indreases 1D hedtonal survivali The prominent drop in
ELIONE suTy v seelo i e Tegionis J0 50T o o Dase ale laterpreted as stimulation induced damage
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[he degree toow hich these resules relate to the various spoaiiic parameters ot
stimulation is not vet dlear We believe the damage nun have been cause by
a tew eptsodes when o stumulator went ito osallaton durmg FABR testing
in these animals, However: there was also one teature of the electrodes that
was ditferent i this croup as compared to the previons seriess shightly
smatier clectraode contacts (175 um 200 umy were used to allow the
fabrication ot more sophisticated, multiclectrode arravs: These smaller
contacts exhibited somewhat higher mpedances miutially and rurther
ereases over time so that with the elovated thresholds m some cases the
compliance voltage of the battery driven stimulators used tor chronig
stmulation m K Y3y and Kod may have been exceeded. Finallvat present we
cannot completely rule out the possibility that the continuous, higher
troquency stimulation may have been damagmg in the ammals i which the
W0 pps 30 Hz paradigm was cmploved tksy K9 R92e - At animals
subscquent to this series have been mmplanted and chroncalhy stimulated
with completely new v destgned electrodes mcorporating larger contacts
250um atal thresholds have beenvery dow i this group and so farare
Juite stable Theretore our strategy sl be to treat the Ksy-94 group as
crvceptional and oy o replicate the striking protective eftects seen m the
Srioinal kst sertes animals, usime the same stimulaton strategies (speech

crocessers and SO0 pps 30 H 2 paradigmy

[his stimulation damage group comprises a very nteresting group
tor contrasting with previous series i which stimulation had o more robust
cttect 1 mamtaming the auditory neurons. It provides the opportunity to
compare I ABR electrophvsiological and mysome cases behavioral data trom
a group of neonatallv deatened, chronically siimulated amimals with very
poor spiral ganghon survival m the immediate regron ot the stimulating
clectrodes  For example. one very important question is the degree to which
spiral ganghion cell survival determines vartous parameters of implant
tuncton” Frgure vallustrates that tor these cat studies, EABR threshold eas

crrclated with the  survival ot auditory neurons: Inract, with our bipolar
aitracochlear clectrodes, the correlation was better it it was made usimg, just
the revionl neuronal survival caloalated tor the 307 cochlear sector

adjacent to the stimulating electrodes s opposed to overall nearal survival
trouehout the cochlea These data are widely scattered, and it seems clear
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HNAL g number of other Tactors st as exact electrode location, bone
formation, ctc learly are stonticant determimants ot threshold s Inoract it
appears thatonly refatively large ditrerences mneural survivalbare
correlated soith absolute threshaold measures,

EABR THRESHOLD wvs. GANGLION SURVIVAL

.45
G4 r = 0.66
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Figure 9. Finai EABH thresnold is corelated {1 - 0 b0y wilh spiral ganghorn survivalin neonatatly

deatened chronically stmudated cdls  The sparal ganghon survival was caicdlaled tor the 30% sector

Closest 1o Pe stimulating elecirodes i wa boal The Ko 3586 and KBG-44 seres animals discussed above

Are madicated by the Tilledd syintbols

Fioure Lo<hows the subset of animals from these croups tor which
bohay toral thresholds have been deternuned . mddudimy the 4 cases
discussed aboy e with the large sumulation imduaced mcrease i spiral
canghon survival and 3 of the recent cases with stimulation related damage
cases. These animals torm two quite separate groups and thus may give a
spurtousty high correlation. However, we would assume that this degree ot
ditterence m both phvsiological (FABR) and behavioral thresholds probabay
would nuve an ettecton Channel mteraction ma multichannel implant and

rhus ettedt HNP].HH }“k‘l'f\)['llldll\ ¢
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BEHAVIORAL  THRESHOLD vs. GANGLION  SURVIVAL
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Benavioral thresholils (200 isec phiase pulses) are Highly corretated (r=0 935 with spiral
sector nearest the intracochlear stimutatng electrodes  The subset of
i the tour cats m which the

Figure 10.
SJanagion cell survival it the 307,
ATHINELS 11 WHCH Mese ddla dle davdildabie inclades o Cledrly distingt grodps
“rest Boredse i spital Qateglion sulvieal was seeti aften o shimtdtion Kes-K861 and 21 three of the

B STR S SYIEP

STridahicn daitiaje o anes



Chaarteriy Progress Report
Conttdot aNO -1 -4-21453
Piotective Ftteors of Blectrical Stimultion

Work Planned tor the Next Quuavter

L Tove adualt deatened cats hay e recently been nplanted with the
new model TSt cat electrode and FABR thresholds hay e now stabilized at
aueeptable levels  Drarmg the nest quarter, there anmmals will be chronically
<stimudated usme g emporalle challengmg (but passive and mvariant)
clectrical sumutus 300 pps amphitude modulated with a so Hz simusoid).
[hese anmmals witl eventually be stadied i acute electrophyvsiological
experiments to evaluate spatial selectiviny (5 1¢ widths) i the interior
colliculus and Al and thus to determime it functtonal alteratons observed in
neconatally deatenced cats atter Chronte stimulation are also observed in adult-
deatened subjects Noreover studies ot sprral canghon cell survival and
cochlear nucleus morpholoey should allow us to determime whether the
protective ettects ot chrome electrical stimualation previousiy observed i
neconataiiy deatened cats are dependent upon critical perntods ot
Acvelopment or alternatively s can also be mduced antmals deatened as

4 i
etlints

20 bour neonatally deatened kittens have been mmplanted and are
sarrenthy undergomy chronde electrical stimulation. Chronie stimulation in
the tirst o kttens has been mitiated usimg an operational prosthesis which
Consists ot a smgle channel speech processor that responds to sounds in the
animals environment and generates ananalovue electrical signal delivered
to the mtracochlear electrode. Behavioral tramimg has also been mitiated
these animals  The other tvo kittens are receving passive chron
stimulation with emporally challengimg electrical stmulus 300 pps,
amphtude modulated with 30 Hz sinusondy),

VoHistological processig ot the cochlear nucleus specimens has been
completed torscveral chromeallv stimulated cats v a group that showed
marked protecuon ot the spiral sanghion as a consequence ot chronie
clectrical sumutauon . NMorphometric analyses mcluding volume ot
mdividual subdiv isions ot the cochlear nucleus, neuronat cell density and
Crossesectional area ot large spherical cells i the AVON has been initiated
and will be contmued throughout the next quarter
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july 31, 1995
Dr. I'. Terry Hambrecht
Head, Neural PProsthesis Program
Division of 'undamental Neurosciences
NINDS, National Institutes of Health
Federal Building, Room 916
7550 Wisconsin Avenue
Bethesda, Marvland, 20892

Dear Terry:

Please find enclosed the third Quarterly Progress Report for our
Contract entitled "Protective F'ffects of Patterned Electrical Stimulation on
the Deafened Auditory System.” In this report we have presented a
summary of cochlear histopathology and morphometric evaluation of
spiral ganglion survival in neonatally deafened animals undergoing
chronic stimulation designed to be temporally challenging to the central
auditory system. The big difference between the stimulation damage cases
described in this Report and the mitial animals in this experimental series 1s
really very intriguing, but [ wish 'had a definite answer about the cause of
the damage.

Alena and I hope to have the Asilomar conference program and
abstracts book be ready to go off to the printer for copving and binding on
August I, and L am still hoping to mail it out to moderators so they will
have the abstracts a couple of weeks before the meeting. I'm looking
forward to sceimng vou at Asilomar and hope we have a chance to visit some
there.

Best wishes,
Patricia A. [ ecake, Ph.D.

Professor in Residence
Research Director, Epstein Lab



